The mechanism of superconductivity of cuprates remains one of the biggest challenges in condensed matter physics . High-Tc cuprates crystallize into layered perovskite structure typically featured with copper-oxygen octahedra forming corner shared network. Due to strong Jahn-Teller effect the octahedron in high Tc cuprates is elongated, placing the planar Cu3dx 2 -y 2 orbital level at top, almost degenerate with the planar O2p x and O2p y orbitals, into which holes are doped. This situation is considered to be foundation of the cuprates that sustains high Tc. Here we report the discovery of a new cuprate superconductor Ba 2 CuO 4- with La 2 CuO 4 structure and with critical temperature (Tc) exceeding 70 K. The x-ray absorption measurement gives evidence that this cuprate is doped with a fairly large amount of holes. However, in contrast to the so-far known hole-doped high-Tc cuprates the new cuprate possesses an extraordinarily compressed octahedron with much shorter apical oxygen distance as well as much expanded in-plane Cu-O bond. Nevertheless, Tc is by more than 30 K higher than that for the isostructural hole-doped La 2 CuO 4 . In compressed octahedron the Cu3dz 2 -r 2 orbital level is higher than the Cu3dx 2 -y 2 orbital level. This suggests that considerable dz 2 -r 2 orbital character will be mixed up in the states near the Fermi level which has been thought to be harmful for high-Tc superconductivity. The present work sheds renewed light on comprehensive understanding of necessary ingredients for high Tc and stability of pairing state in cuprate superconductors.
Since the historical discovery of high T c superconductivity (HTS) in a certain class of copper oxides (cuprates) in 1986 1-3 , the mechanism of superconductivity of copper oxides remains one of the biggest mysteries in physics 4 . The parent compound of the first discovered (La Ba) 2 CuO 4 has the K 2 NiF 4 (214) type layered perovskite structure featured with copper (Cu)-oxygen (O) octahedral coordination which forms [CuO 2 ] planes in ab dimension by sharing corner oxygen atoms. In the ideal octahedron the levels of the five 3d orbitals are split into two-fold degenerate e g orbitals at higher energy and three-fold degenerate t 2g orbitals at lower energy. Since the oxygen octahedron in real cuprates is elongated along the c-axis due to the Jahn-Teller effect of Cu 2+ ion, the two e g orbital levels are further split into a higher 3dx 2 -y 2 and a lower 3dz 2 -r 2 orbital level. The former is nearly degenerate and strongly hybridized with planar O2p x and O2p y levels, while the latter locates well below the Fermi level and presumably plays a minor role in high-Tc superconductivity 5 . These, along with the strong electronic correlation on the Cu sites make the cuprates special. Holes that are responsible for superconductivity are doped primarily into the O2p x,y orbitals strongly coupled with the Cu3dx 2 -y 2 orbital to form a so-called Zhang-Rice singlet 6 . These form a basis for the exploration of pairing mechanism and high Tc values.
Here we report the discovery of a new copper oxide superconductor Ba 2 CuO 4- with 214 type structure synthesized at high pressure and at high temperature. The Ba 2 CuO 4- compound shows superconductivity with T c exceeding 70 K, by about 30K higher than that of the isostructural La-based cuprates, such as (La 2-x Ba x )CuO 4 1 . The new superconductor is, however, found to have a compressed octahedron, in sharp contrast to the elongated one seen in the so-far known hole-doped cuprate superconductors. In the compressed octahedron the 3dz 2 -r 2 orbital level is located above the 3dx 2 -y 2 orbital level, and hence it is expected that doped holes will go onto the Cu3dz 2 -r 2 or hybridized O2p z orbital. Much less attention however has been paid to this situation in the study of high-Tc cuprates 7 .
Polycrystalline Ba 2 CuO 4- compounds are synthesized at 18GPa high pressure and at 1000 o C high temperature. The diffraction profile of single phase Ba 2 CuO 4- ( Fig.S1 ) is consistent with the La 2 CuO 4 type primary structure with space group I4/mmm as schematically shown in Fig. 1 .
There is no structural transition taking place down to 6 K. Rietveld refinements give the lattice parameters of the compound with a = a = 4.0030(3) Å & c= 12.942 (1) Å at room temperature.
Certainly, the amount of excess oxygen  is finite but less than 1 as inferred from the structure refinement, suggesting that the oxygen sites are partially occupied. Since copper valence is Cu 2+ in Ba 2 CuO 3 , the finite  value indicates that the nominal 2(1-holes per Cu are doped in the compound. This is further supported by the measurements of x-ray absorption spectrum of the new superconductor in this study.
From the structural refinements, the copper oxygen bond length for Ba 2 CuO 4- is estimated to be 2.0015(2) Å in the copper oxygen plane and 1.861(8) Å along the c-axis (corresponding to the apical oxygen distance from the Cu-O plane). The in plane bond length of Ba 2 CuO 4- records the longest among hole-doped copper oxide superconductors 8-17 as plotted in Fig. 2(a) . This is also confirmed from SR measurements as shown in Fig.3(b) that gives rise to above 30% volume fraction as well as specific heat measurements (Fig.S2) .However due to the very hygroscopic surface it is difficult to measure resistance versus temperature. The superconducting volume fraction is sufficiently high for a high pressure synthesized sample. The high pressure synthesized Ba 2 CuO 4- polycrystalline samples are composed of grains with size of several micrometers or even smaller. This results in significant flux penetration at grain surface that dramatically reduces the intensity of Meissner signals. The similar effects are met in high pressure synthesized cuprate superconductors such as Cu12(n-1)n homologues series or Cl2(n-1)n homologues series or other cuprate superconductors [19~23] since high pressure environment in principle sets back the crystal growth [24] . The weaker pining force in single phase high Tc cuprates is among other possible reasons to deduce the Meissner effects [25] .
Therefore the ~30% volume fraction should be the lower bound of the superconducting volume fraction. The measurements unambiguously indicate the bulk superconducting nature of the sample. 6 The experimental O K edge x ray absorption spectra (XAS) of Ba 2 CuO 4- is presented in Fig. 4 The elongated copper oxygen octahedron generically seen in high T c cuprates pushes the 3dx 2 -y 2 orbital level above the 3dz 2 -r 2 orbital level. Consequently, the doped holes reside primarily on the 3dx 2 -y 2 orbital (or strictly speaking on the O2p x, y orbitals hybridized strongly with the Cu3dx 2 -y 2 orbital) that makes the carriers to have predominantly in plane orbital character 6 . To the contrary, in the present newly discovered cuprate the copper oxygen octahedron is compressed that places the 3dz 2 -r 2 orbital level most likely above the 3dx 2 -y 2 level as illustrated in Fig. 2(b) . This suggests that in the present cuprate the 3dz 2 -r 2 orbital character prevail in the electronic states near the Fermi level as compared with all the other hole doped cuprates and hence the pairing symmetry as well as pairing strength will be modified 23, 24 . This situation has been considered in early days of high-Tc research 7 . To be more substantial, a result of the electronic energy band structure calculation is performed (Fig.S3 ). The calculation assumes, for simplicity, non electrons correlations as well as a K 2 NiF 4 crystal structure that has the same lattice parameters (Cu-O bond lengths) as those estimated in this work. The result shows that the The measurements indicate heavily hole overdoped state of the new superconductor.
